The objective of this study was to analyze morphometrically the colon wall strata of malnourished rats supplemented with probiotics. Sixteen recently weaned Wistar rats (Rattus norvegicus) were distributed into four groups: animals that received commercial chow (G1, n = 4); animals that received the same feed as G1 and were supplemented with probiotics (G2, n = 4); animals that received chow with 4% of proteins (G3, n = 4); animals that received the same feed as G3 and were supplemented with probiotics (G4, n = 4). After 12 weeks, the proximal colon was collected and submitted to histological processing. Three-µm cuts were stained with H.E., Periodic Acid Schifff (P.A.S.) + diasthasis solution and Alcian Blue (A.B.) pH 2.5 and pH 1.0. The morphometric analysis of the intestinal wall showed that the supplementation with ABT-4 probiotic culture prevents the growth deficit of colon wall strata that normally occurs in malnourished rats right after lactation. Besides, no alteration was observed in the proportion of the number of globet cells in relation to the number of enterocytes in malnourished rats, regardless of the supplementation with probiotics.
INTRODUCTION
The digestive tube is a kinetic micro ecosystem that shelters a complex dynamic microorganism population that contributes to the regular performance of the intestine physiology (Andoh and Fujiyama 2006) . The probiotic microrganisms are within this group (Alander 1999 , Bielecka et al. 2002 , Capriles et al. 2005 .
Probiotics are defined as live microbial supplements that, in appropriate amounts, affect their receptor beneficially through the improvement of the intestinal microbial balance and benefits to health (Food and Agriculture Organization of United Nations, World Health Organization 2001).
The highest metabolic activity and concentration of these microorganisms are found in the large intestine, reaching 1011 to 1012 UFC/g (Bedani and Rossi 2008) . This predominant colonization 728 DIRLENE P. LIMA et al.
of probiotics in segments of the large intestine can be explained by the favorable conditions to the bacterial proliferation, as well as by the slow peristaltism and nutritional supply (Bielecka et al. 2002 , Brady et al. 2000 . Several studies have demonstrated that probiotics estimulate cell proliferation of the immune system associated to the intestinal mucosa (Erickson and Hubbard 2000 , Cano and Perdigón 2003 , Villena et al. 2006 , De Souza et al. 2007 , Dewan et al. 2007 , kaburagi et al. 2007 , Pitsouni et al. 2009 ), which may contribute to the control of infections, as well as to their prevention in the case of diseases derived from nutritional deficiency. On the other hand, there are few studies that evaluated the action of probiotics on the intestinal morphology of malnourished animals, and were mostly restricted only to the study of the mucosa (Allori et al. 2000 , Cano et al. 2002 , Dock et al. 2004a , b, Dock-Nascimento et al. 2007 . A single study examined the different strata of the intestinal wall by examining only the small intestine (J.F. de Azevedo et al., unpublished data). Considering which was presented above, this study aimed to analyze morphometrically the colon wall strata of malnourished rats supplemented with probiotics.
MATERIALS AND METHODS
This study was previously approved by the Committee of Ethics in Research Involving Animal Experimentation of UNIPAR (registration nº. 11732), that follow the regulations of the Brazilian Comission of Animal Experimentation (COBEA).
EXPERIMENTAL OUTLINE
Sixteen recently weaned (21 days) 42.9±1.8g male Wistar rats (Rattus norvegicus) that were kept in individual cages in a room under controlled temperature (± 25°C) and dark/bright cycle (every 12 hours). During the whole experiment, the rats had water and feed ad libitum.
The animals were randomly separated into four groups: G1 -animals that received the commercial chow for rodents NUVILAB © (n = 4); G2
-animals that received the same feed as G1 and that were supplemented with fermented lacteous drink containing probiotics, through gavage performed five times a week (n = 4); G3 -animals that received modified chow so that the protein content was reduced to 4%, following the protocol proposed by Araújo et al. (2005) (n = 4); G4 -animals that received the same feed as G3 and that were supplemented as described before (n = 4). G1 and G3 animals went through he same gavage stress, but they received only 10% skimmed powder milk (Molico, Nestlé © ) in a volume of 1% of the average group body weight. images with the help of a 10x lens were used to measure the total thickness of the wall and the mucosa; and the 40x lens was used to measure the height of enterocytes (from basal membrane to striated border), depth of crypts, thickness of the submucosa and thickness of the external muscle. Eighty measurements were made in semi-serial cuts, uniformly distributed along the intestinal circumference of each structure of each animal, totaling 320 measures per group.
QUANTITATIVE ANALYSIS
For each 2,000 consecutive enteorocytes, the proportion of globet cells was calculated. For that, from each intestinal segment collected from each animal, 16 images of cuts, which were stained using each histochemical technique realized in this study, were used for the described system with a 40x lens. Therefore, for each collected intestinal segment, a total of 192 images of the mucosa stained with P.A.S. + diasthasis solution, A.B. pH 2.5 and A.B. pH 1.0.
STATISTICAL ANALYSIS
The collected numerical data were submitted to D´Agostino-Pearson or Shapiro Test to verify the type of distribution. The data with normal distribution are presented as mean ± standard deviation. In this case, to compare the groups, independent-samples-Student's t Test was used.
The data with free distribution are presented as median (percentile 25; percentile 75). Thus, the comparison among other groups was made by the Mann-Whitney Test. The compared groups were: G1 x G2, G1 x G3, G1 x G4, G2 x G4 and G3 x G4. In all statistical tests, the values of p were smaller than 0.05 was considered significant.
RESULTS AND DISCUSSION
In this study, a proteic malnourishment induction protocol, which had already proved to be efficient in rats (Araújo et al. 2005) , was used. The results about the food intake, body weight, naso-anal length and analyses of blood parameters had already been published previously (D.P. de Lima et al., unpublished data) and demonstrated that the animals that had received modified feed really became malnourished. However, it is important to emphasize that this investigation intended to evaluate whether or not malnourished rats, when supplemented with probiotics, exhibit different effects from the already known ones, regarding the repercussions of protein malnourishment in the colon morphology. DIRLENE P. LIMA et al.
Therefore, it was observed that the collected colons did not have their dimensions (length, width and area) altered by the malnourishment nor the probiotic supplementation (Table I) , differently from what was observed in a parallel study on the jenunun of these animals, which had a smaller area in animals from G3 when compared to the ones from G1 ( J.F. de Azevedo et al., unpublished data). Then, it is worth emphasizing that the literature shows that the protein malnourishment generally causes atrophy of the small intestine organs (Firmansyah et al. 1989 , Meilus et al. 1998 , Torrejais et al. 1995 , Natali et al. 2000 , Brandão et al. 2003 however, the same does not always occur in the large intestine (Schoffen et al. 2005 , Hermes et al. 2008 ). This can be explained as a consequence to the cell turnover that is normally higher in the small intestine, since there is the presence of numerous villis to increase the contact surface between the mucosa and the intestinal lumen content, and hipoproteic diets can not offer the needed amount of aminoacids to support this phenomenon.
Although the colon dimensions have not been altered, the thickness of the wall strata was evaluated in order to notice possible microscopic alterations (Table II) , mainly the ones already known as effects of protein malnourishment. Therefore, it was verified that the mucosa thickness presented gain deficit in protein malnourished animals (G3) when compared to eutrophic ones (G1) that were not supplemented with probiotics (p<0.05). On the other hand, the supplementation with probiotics (G4) provided a protective effect to the mucosa; this damage is generally observed in protein malnourishment (Viteri and Schneider 1974 , Rodrigues et al. 1985 , Torrejais et al. 1995 , Natali et al. 2000 , Schoffen et al. 2005 , De Azevedo et al. 2007 , Hermes et al. 2008 . It is important to point out that the eutrophic animals were also supplemented with probiotics (G2) and presented thicknening of the mucosa when compared to G1, corroborating the studies that describe the proliferative effect induced by these microorganisms (Dock et al. 2004a , AguilarNascimento et al. 2006 , Ng et al. 2009 ). In a parallel study of the jejunum of the same animals, it was observed that an equivalent result to these parameters (J.F. de Azevedo et al., unpublished data).
Probiotics are able to stimulate the immunological system (Erickson and Hubbard 2000 , Cano and Perdigón 2003 , Copolla and Gil Turnes 2004 , Villena et al. 2006 , De Souza et al. 2007 , Dewan et al. 2007 , kaburagi et al. 2007 , Pitsouni et al. 2009 ) it is suggested that the deficit prevention in the tissue formation of the mucosa due to malnourishment be balanced because of the proliferation of conjunctive tissue cells (the lamina propria), which explains the results observed in animals of G4. Besides, the height G1: commercial chow for rodents; G2: commercial chow + supplementation with probiotics; G3: chow with 4% proteins; G4: chow with 4% proteins + supplementation with probiotics.
Comparison of values among different groups (G1 x G2, G1 x G3, G1 x G4, G2 x G4 and G3 x G4) was made using independentsamples-Student's t Test, considering α=0.05. There was no significant difference among the groups. PROBIOTICS PREVENT EFFECTS OF MALNUTRITION IN RATS of enterocytes must be considered as the depths of the intestinal crypts reduced in animals of G3 when compared to the ones of G1 (p<0.05) and that these alterations can be avoided in animals supplemented with probiotics (G4) (p<0.05). Considering these parameters, the supplementation with probiotics carried out in eutrophic animals presented effects that question their possible beneficial action since the colon enterocytes of these animals (G2) were higher and their crypts were deeper (p<0.05). Higher enterocytes increase the trajectory of molecules that diffuse the intestinal lumen towards the lamina propria, probably interfering in the absorption rate. The increase of crypt depth indicates a higher cell proliferation that can be the result of the need to renew those that form the intestinal epithelium, a factor alluded to the aggression to this tissue (Elia and Souza 2001). It is worth remembering that protein malnourishment may cause a smaller cadherin expression in enterocytes (Dalçik et al. 2003) and that this phenomenon can compromise the intestinal barrier since they are important molecules to cell adhesion. On the other hand, studies have shown that probiotics are able to increase the efficiency of the intestinal barrier (Menningen and Bruewer 2009), which is very adequate in malnourishment situations.
Regarding the submucosa, it was observed that malnourished animals presented a gain deficit of ~21.5% in relation to eutrophic ones, and that the supplementation with probiotics descreased the loss in ~72% (p<0.05). As this stratum consists of a dense conjunctive tissue, it is suggested that malnourishment can cause a synthesis reduction of extracellular matrix proteins as well as increase the degradation of this tissue component in order to make endogenous aminoacids available as a compensation mechanism, similarly to the descriptions made for the dermis of malnourished individuals (Waterlow 1996) . The results of this study indicate that the supplementation with G1: commercial chow for rodents; G2: commercial chow + supplementation with probiotics; G3: chow with 4% proteins; G4: chow with 4% proteins + supplementation with probiotics. Medians followed by different letters on the same line are significantly different. Comparison of values among different groups (G1 x G2, G1 x G3, G1 x G4, G2 x G4 and G3 x G4) was made using Mann-Whitney Test, considering α=0.05.
Parameters (µm)
G1 G2 G3 G4 probiotics reduces this phenomenon; however, the involved mechanisms still unknown. In a parallel study on the jejunum of these animals, no alteration of this stratum was observed (J.F. de Azevedo et al., unpublished data), indicating that rats tend to preserve the submucosa in the small intestine when compared to the large intestine. Unfortunately the morphometric studies of the intestinal wall generally do not evaluate the submucosa, not allowing the comparison of results from this study to the ones in the literature. Similarly to what happens to the mucosa, cases of protein malnourishment usually cause reduction of the external muscle thickness, corroborating the results of this study. This atrophy is also explained by the increase of autolysis in order to make endogenous aminoacids available to tissues that have a smaller regeneration capability or that have indispensable functions to the survival of the organism (Deo 1969). On the other hand, malnourished rats supplemented with probiotics did not show this deficit (p<0.05), which suggests that the number and the diameter of the cell that form this stratum were not altered by the lack of protein in the diet, ratifying the beneficial effect of the intake of these microorganisms. Similar results were observed in the jejunum of these animals from this study (J.F. de Azevedo et al., unpublished data) however, in this case, the possible protective effect of probiotics lessened the deleterious effect of malnourishement. A possible explanation for these findings is that probiotics are present in higher amounts in the large intestine (Brady et al. 2000 , Bielecka et al. 2002 , Bedani and Rossi 2008 , when compared to the segments of the small intestine, which somehow may favor the colon to maintain its tissue structure. Differently from recently weaned rats used in this study, malnourished adult rats did not present the same alterations in the thickness of the external muscle (Hermes et al. 2008 ) when the same protocol was used, corroborating that the results of studies involving experimental nutrition depend on the age of the utilized animals.
Height of Enterocytes
As a consequence of the thickness reduction of all colon wall strata, it was observed that in malnourished animals (G3), the total thickness of the wall has a growth deficit of ~7%, but remained unaltered in malnourished rats supplemented with probiotics , even considering the discrete reduction of the submucosa that occurred in this animals (p<0.05). In reality, the supplementation with probiotics was efficient to prevent damages that generally occur in the mucosa and external muscle of malnourished rats. These findings ratify the beneficial effect of the intake of these microorganisms, including in cases when the amount of proteins present in the provided diet does not meet the demand of the involved organism. Possibly, the increase of the intestinal barrier efficiency (Menningen and Bruewer 2009) and the stimulation of the immunological system (Erickson and Hubbard 2000 , Cano and Perdigón 2003 , Copolla and Turnes 2004 , Villena et al. 2006 , De Souza et al. 2007 , Dewan et al. 2007 , kaburagi et al. 2007 , Pitsouni et al. 2009 ) promoted by the action of probiotics must have collaborated to a higher absorption of available aminoacids in the hypoproteic feed. Studies on this hypothesis can corroborate future investigations that aim to optimize the access to functional foods or supplements containing probiotics in cases of malnourishment in humans. Further investigation is necessary to evaluate the thickness preservation of the intestinal strata qualitatively as well as to analyze the enteric nervous system as it represents the main nervous control of the intestinal functions (Furness 2006) .
Regarding the number of globet cells in relation to the number of enterocytes, it was observed that the malnourishment as well as the intake of probiotics did not infer in this relation (Table III) , regardless of the mucin types (neutral or acid), that were also observed in the jejunum of the same animals (J.F. de Azevedo et al., unpublished data) . It is important to note again that the age of the animals can also be a variable that is involved in these results. In a study done with adult malnourished rats using the same PROBIOTICS PREVENT EFFECTS OF MALNUTRITION IN RATS protocol, it was observed that the number of globet cells that produce neutral mucins, sialomucins and sulfomucins was reduced (Hermes et al. 2008) . It is necessary to be careful when comparing these results since the utilized methodology by the authors of the mentioned investigation is different from the one used in this study as they evaluated the number of globet cells in a 0.2mm 2 area of the colon mucosa. On the other hand, rats that received an aproteic diet presented reduction of the number of globet cells ). In the latter study, the authors also observed that the supplementation with probiotics (10 6 UFC/mL of Strepctococcus thermophilus and Lactobacillus helveticus) collaborates to the restauration of the cell number. There are no other studies in literature that assessed the population of globet cells in malnourished rats supplemented with probiotics. It is concluded that the supplementation with ABT-4 probiotics for 12 weeks prevents the growth deficit of the colon wall strata that generally occurs in malnourished rats right after lactation. Besides, in this study, there was no alteration in the proportion of the number of globet cells in relation to the number of enterocytes in malnourished rats, regardless the supplementation with probiotics.
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